In vivo studies suggest that replication forks are arrested due to encounters with head-on transcription complexes. Yet, the fate of the replisome and RNA polymerase (RNAP) following a head-on collision is unknown. Here, we find that the E. coli replisome stalls upon collision with a headon transcription complex, but instead of collapsing, the replication fork remains highly stable and eventually resumes elongation after displacing the RNAP from DNA. We also find that the transcription-repair coupling factor, Mfd, promotes direct restart of the fork following the collision by facilitating displacement of the RNAP. These findings demonstrate the intrinsic stability of the replication apparatus and a novel role for the transcription-coupled repair pathway in promoting replication past a RNAP block.
Video Link
The video component of this article can be found at http://www.jove.com/video/1919/
Protocol
This method was used in the research reported in Pomerantz and O'Donnell, Science 327, 590-592 (2010).
1. Assembly of a halted RNAP elongation complex was performed as follows: 500 nM final concentration of E. coli RNAP σ 70 HE was mixed with 5 nM final concentration of a biotinylated 3.6 kb DNA template containing the T7A1 promoter in 100 μl of buffer A (20 mM Tris-Cl (pH 7.5), 8 mM MgCl 2 , 0.5 mM EDTA, 5 mM DTT, 10% glycerol) for 10 min at 37 °C. 100 μM of ApU and 40 μM each of GTP, ATP, and CTP were added for an additional 10 min at 37 °C.
2. Immobilization of the halted RNAP elongation complex onto streptavidin beads was performed as follows:
200 μl of streptavidin magnetic coated beads (Invitrogen) were added to the reaction above for 10 min at room temp.
3. Purification of the immobilized halted RNAP elongation complex was performed as follows:
The beads (from above) were washed 5 times with 0.9 ml of buffer A containing 0.75 M NaCl, 200 μg/ml heparin, and 20 μg/ml ssDNA (The supernatant was removed after each wash step by magnetic separation.) Next, the beads were washed 2 times with 0.9 ml of buffer A.
Formation of a replication fork downstream relative to the head-on RNAP was performed as follows:
The beads (from above) were resuspended in 100 μl of New England Biolabs buffer 4 and 10 units of Sap I (New England Biolabs) was added for 10 min at 37 °C. The beads were washed 3 times with 0.9 ml of buffer A and then resuspended in 50 μl of Quick T4 Ligation reaction buffer (New England Biolabs). 2 μl of Quick T4 ligase (New England Biolabs) was added along with 6 nM final concentration of pre-annealed forked DNA (RP10, RP22, RP25) for 10 min at room temp. The beads were washed 3 times with 0.9 ml of buffer A. 
